Seagrass meadows form important coastal habitats by supporting complex food webs (Hemminga et al. 1994 , Valentine and Heck 2005 , Heck et al. 2008 , filtering nutrients , fixing carbon (Fourqurean et al. 2012 ) and nitrogen (Cole and McGlathery 2012, McGlathery et al. 2012) , transporting metals (Kaldy 2006) , and stabilizing sediments (den Hartog 1970 , Fonseca et al. 1990 , but see Lawson et al. 2012) . Furthermore, diversity of invertebrates and fishes in eelgrass (Zostera spp.) meadows can be much higher than in nearby sandy intertidal and subtidal habitats (Orth et al. 1984 , Engle et al. 1995 , Duffy 2006 , Reed and Hovel 2006 , Fredriksen et al. 2010 . In California, for example, eelgrass meadows function as nurseries for many fish species with recreational and commercial importance, including rockfishes (Sebastes spp.), surfperches (Embiotocidae), and kelp bass (Paralabrax clathratus; Hoffman 1986 , Engle et al. 1998 .
Seagrass populations have declined worldwide, primarily because of human activities that alter the habitat (eutrophication and land use affecting water quality; McGlathery 2012, Schmidt et al. 2012) , as well as from natural causes such as urchin grazing (Keller 1983 , Valentine and Heck 1991 , Short and Wyllie-Echeverria 1996 . The rate of decline has increased over the past 8 decades (Orth et al. 2006 , Waycott et al. 2009 ).
The dramatic loss of seagrass along the east coast of North America sparked enough concern that large-scale programs have been developed to evaluate and refine protocols for restoration within the Chesapeake Bay region, one of the world's largest estuaries (Shafer and Bergstrom 2010) , and the coastal bays of Virginia , among others. In southern California, eelgrass has been severely impacted by increased turbidity, dredging, construction, and pollution of shallow bays and coastal lagoons (Merkel 1991 , Williams 2001 . Environmental legislation (e.g., the 1972 Clean Water Act) requires mitigation for any construction project that might impair eelgrass meadows and wetland habitat, and eelgrass mitigation policies have required enhancement or restoration of meadows at ratios of 1.2 to 1 or greater (National Marine Fisheries Service 2011).
Since 1989, there have been 43 eelgrass transplant projects in southern California (National Marine Fisheries Service 2011), virtually all as mitigation for coastal development. Unfortunately, human activities negatively im pacting the original eelgrass meadow/ habitat also negatively impact the transplanted or restored meadows; consequently, only 10%-60% of transplantation efforts are successful (Goforth and Peeling 1978 , National Marine Fisheries Service 1997 . Moreover, there have been no restoration efforts conducted in relatively pristine waters; all work has been associated with human-impacted coastal areas (Short and Wyllie-Echeverria 1996) . However, in situations where eelgrass was eliminated and the mechanism of loss is known and abated, eelgrass recovery can occur with a higher probability of success (Thom et al. 2005) .
In addition to large populations in tidal estuaries such as Humboldt, San Francisco, and San Diego Bays, there are also subtidal eelgrass meadows along the California coast and offshore California Channel Islands (Engle et al. 1998, Engle and Miller 2005) . Compared to eelgrass meadows along the mainland coast, meadows at the mostly uninhabited Channel Islands are minimally impacted by humans; these impacts are restricted to anchoring and mooring activities associated with recreational boating which utilize sheltered coves harboring extensive meadows. Equally important are seasonal storms and/or heavy surf, which re move biomass, increase sedimentation and burial, and limit the upper depth range of subtidal meadows.
Eelgrass (Zostera pacifica and Zostera marina) occurs at approximately 40 locations around 6 of the 8 Channel Islands, with the largest meadows on Santa Cruz Island (Engle and Miller 2005) . Substantial Z. pacifica meadows were present from 1980 to 1982 in 7-12-m depth along the north side of West and Middle Anacapa Islands, with scattered patches at East Anacapa Island (Engle et al. 1998, Engle and Miller 2005) . Subtidal surveys in 1991 revealed the absence of a formerly present meadow at Frenchy's Cove (West Anacapa Island) and high densities of white urchins (Lytechinus anamesus). In 1995, only 2 small eelgrass patches were present at Cathedral Cove, East Anacapa Island; subsequently, one disappeared in 1998 and the other in 1999. Local extinction of Z. pacifica meadows from Anacapa Island by 1999 was most likely due to overgrazing by white urchins following an extraordinary post-El Niño recruitment event in the 1980s (Engle et al. 1995) .
Annual surveys from 1991 to 2001 at Frenchy's Cove revealed no eelgrass seedlings, adult plants, or drift material. Although the density of white urchins gradually declined during this period (60 m -2 in 1992 to 0.4 m -2 in 2000), eelgrass remained absent. Longdistance dispersal of eelgrass can occur via drifting spathes and/or reattachment of dislodged rhizomes (Reusch 2002 , Rhode and Duffy 2004 , Coyer et al. 2008 ), but neither mechanism was likely for Frenchy's Cove because the nearest meadow (Smugglers Cove, Santa Cruz Island) was >12 km distant and separated by deep water (>75 m) and strong currents.
In 2002, we transplanted approximately 450 Z. pacifica shoots from 2 meadows on Santa Cruz Island to Frenchy's Cove as described in Altstatt (2005) . Initial losses were high, but after 2 years the surviving shoots began to expand. In this study, we report spatial and temporal dynamics of the transplanted meadow, track the spread of eelgrass along the north side of Anacapa Island, compare shoot density with 3 reference meadows at Santa Cruz Island, and describe changes in fish species composition and densities at Frenchy's Cove.
METHODS

Site Description
Anacapa Island (ca. 32 km south of Ventura, California), the easternmost and smallest of the 4 northern California Channel Islands, is comprised of 3 small islets. Frenchy's Cove (34°00.595፱ N, 119°24.690፱ W) is a small cove at the junction of Middle and West Anacapa islets (Fig. 1) , with moderate protection from prevailing wind and swell. The formerly present eelgrass meadows occurred on sandy substrates >6 m depth; shallower substrates were too coarse and unsuitable (gravel, rock, and shell hash). The study site borders a brown pelican nesting area that is seasonally closed to boaters and is within the Anacapa State Marine Conservation Area created in 2003.
Monitoring
The Channel Island Research Program established a permanent 60-m transect in Frenchy's Cove in 1991, parallel to shore at the 10-m contour and in the middle of the historic meadow. The site was surveyed yearly between May and July for the density and percent cover of seagrass, kelps, and macroinvertebrate species using band transects (6 bands, 1 m × 20 m) and quadrats (0.25 m 2 , placed every other meter along the fixed transect). In 2005, a 30-m transect (7-m depth) was established upslope from and parallel to the existing transect and was sampled in the same manner. This transect was located at the depth of the original shallow edge of the historic meadow and is the focus of this paper.
Harvesting Donor Meadows
Details on the eelgrass transplantation methods can be found in Altstatt (2005) . In brief, both harvesting and transplanting work occurred on 2 July 2002. Single shoots were harvested by divers from 3 locations (shallow edge, middle of meadow, and deep edge) within large meadows at Smugglers Cove and Prisoners Harbor near the east end of nearby Santa Cruz Island (Fig. 1) . These meadows were selected based on their proximity to Anacapa Island and their large size. The donor meadows differed in genetic makeup, exposure, and depth range (see discussion in Engle et al. 1998 , Engle and Miller 2005 , Coyer et al. 2008 . Analysis of water quality or sediment was outside the scope of this study. Divers swam along haphazardly placed transects of up to 100 m in length and moved at least 1-3 m between harvesting individual shoots. Plants were held for a period of several hours in sea water aboard ship during transport to Anacapa Island and were replanted the same day.
Planting
We adapted the "bare shoot" transplant technique developed by Orth et al. 1999 . An estimated 450 eelgrass shoots were transplanted into an area of approximately 300 m 2 and into 3 different depths: deep (10-m depth), shallow (7-m depth), and swath (~50 m in length, running perpendicular to shore from 6-to 13-m depth). We thereby covered a representative area and depth range of the historic meadow. Along the swath, shoots were spaced 1 m apart for a density of 1.1 shoots m -2 . In the shallow and deep patch areas, shoots were spaced at 30 cm for a density of 11 shoots m -2 . The shallow and deep patches received 100 shoots each and the swath received approximately 250. Shoots were not labeled according to source and were randomly selected by divers when planted. Additional details can be found in Altstatt (2005) . within Frenchy's Cove while towing a GPS unit on a surface float; the resulting track polygon shape was then converted to hectares. We compared changes in shoot density at Frenchy's Cove with the 3 largest natural meadows at Santa Cruz Island-Prisoners Harbor (3-9-m depth), Scorpion Anchorage If eelgrass was present, then the shoot count or patch size, inshore and offshore depth range, and the lateral extent along the shoreline were recorded. On the surface, a GPS position was determined at diver-deployed floats marking the patches, although there were often scattered shoots beyond these points. In some instances when there was not a definable meadow, a position was taken on the middle of the scattered shoots and divers noted patch size, shoot count, and condition.
Roving Diver Fish Counts
We conducted 30-min roving diver fish counts (CINP Kelp Forest Monitoring Program 1997) to determine indices of species presence, abundance, and diversity. Fish species were scored both on (1) the 5-min time intervals during which they were encountered and (2) abundances recorded during the overall 30-min survey. Abundances during the survey were described using the following 4 categories: single (1), few (2-10), common (11-100), and many (>100). Divers remained within a set depth range, geographical area, or habitat type (eelgrass or sand plain). In 2012, we conducted additional fish counts over sandy plains at Cathedral Cove. For analysis, we created a weighted abundance index that combined the "Time Interval Code" and "Abundance Code" (if a species was not tallied, the Abundance Code was 0). The index was (TIC/10)*AC. This formula gives more weight to fish seen earlier in the 30-min count; so for example, a species with an overall abundance of "common" (3) seen in the second time interval (9) would have a weighted index of 2.7.
White Urchin Density
From 2005 to 2012, we measured white urchin density within fifteen 0.25-m 2 quadrats placed along the shallow transect. We searched the sediment, eelgrass, and drift material in order to capture cryptic urchins or recent recruits.
RESULTS
A total of 182 person-dives were made at Frenchy's Cove and along the north side of Anacapa Island for eelgrass surveys and reconnaissance between the years 2002 and 2012 (Table 1) . In summary, 97% of shoots were lost within the first 6 months, but survivors expanded so that by 1.5 years, shoots in the shallow plot more than doubled from the original planting (Fig. 2) . There was little regrowth in the swath and deep plots.
Shoot Density
We observed 3 distinct phases of shoot density (Fig. 3) . phase) and between 2011 and 2012 (df = 1, MS = 3867.271, P = 0.03). In 2012, shoot density along the fixed transect (52.3 m -2 ) was significantly lower (df = 1, MS = 11213.33, P < 0.0001) than within quadrats placed within the meadow slightly downslope (90.9 m -2 , n = 15).
Comparison of Shoot Density with Santa Cruz Island Meadows
Shoot density displayed considerable variation between sites and between years ( 
Fish Diversity and Species Richness
Seventy-two individual roving diver fish counts were performed between 1997 and 2012 within the meadow area, comprising 36 hours of observations at Frenchy's Cove. A total of 42 different species were observed during roving diver fish counts ( Table 2 ). The average number of fish species observed ranged from 5 to 14 (Fig. 7) . Before the transplant, the average number of fish species observed during the survey ranged from 5 (2001) to 11 (1999) . After the transplant, average fish species increased from 7 species (2003) to 14 (2011) and 11 (2012) .
The 3 most commonly observed fish (average abundance index) at Frenchy's Cove before the transplant were the blackeye goby (Rhinogobiops nicholsii), señorita (Oxyjulis cali fornica), and kelp bass (Paralabrax clathratus; Table 2 ). Some species were observed on only one oc - In addition to number of fishes, there was a change in functional guilds (Fig. 8) . Surfperches, including the black, pile, and shiner surfperches (Embiotoca jacksoni, Rhacochilus vacca, Hyperprosopon argenteum, respectively; all common in eelgrass meadows at other locations), did not occur in surveys at Frenchy's Cove before the transplant but were commonly encountered afterwards. The herbivorous halfmoon (Medialuna californiensis) was found in every survey from 2005 to 2012. Opaleye (Girella nigricans), another herbivore, was more commonly encountered after the transplant.
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[Volume 7 MONOGRAPHS OF THE WESTERN NORTH AMERICAN NATURALIST To compare fishes found in eelgrass habitat with those found over sandy substrates, we performed roving diver surveys on 2 adjacent days in July 2011 over the eelgrass meadow at Frenchy's Cove and at Cathedral Cove, where scattered patches had existed until the late 1990s but are no longer present. Out of 22 species overall, 17 were observed at Frenchy's Cove (eelgrass) and 10 were observed at Cathedral (sand; Fig. 9 ). In order of abundance, 5 species (Fig. 10) . Distribution of white urchin throughout the meadow was patchy, as evident by the large error bars. In most years, fewer than 100 urchins were found site-wide.
DISCUSSION
We initiated a restoration of eelgrass, Zostera pacifica, in response to local extinction of a small meadow at Frenchy's Cove, Anacapa Island, in 1991. The transplant was successful, with shoots presently ranging from 7-to 10-m depth along >60 m of shoreline; but the goals of our transplant effort differed from those required by the Eelgrass Mitigation Policy benchmarks. The California Eelgrass Mitigation Policy requires that (1) "restored habitat will develop . . . such that within 36 months following planting, it meets or exceeds the full coverage and not less than 85% of the density relative to the initial condition of affected eelgrass habitat" and (2) "restored habitat is expected to sustain this condition through at least 60 months following initial planting." At 3 years posttransplant, individual patches started to coalesce into a measurable meadow, and density was half that found at donor meadows (Fig. 3) . By these benchmarks, therefore, the transplant effort was not successful. However, after 5 years, the meadow greatly increased both in shoot density and spatial expansion, which would have been unrecorded if monitoring had ceased at the 60-month benchmark of mitigation projects. By way of comparison, 87% of 43 eelgrass restoration projects from 1989 to 2009 in southern California have been successful or satisfied permit conditions but did not necessarily reach a full recovery at the time of evaluation (National Marine Fisheries Service 2011). It is important to note that the Eelgrass Mitigation Policy was written specifically for Z. marina found in shallow embayments such as San Francisco and San Diego bays and not for the open-coast species Z. pacifica, and there may be species-specific ecological differences.
Eastward Spread
By 1992, eelgrass was extinct on Anacapa Island and the nearest meadow was on Santa Cruz Island, a distance of >12 km and across a deep and exposed channel with strong tidal currents. However, in 2004, new shoots appeared 300 m across the cove and eastward from our transplant at Frenchy's Cove. There are only 2 possible mechanisms for this reappearance: reattachment of dislodged/broken ramets or seed dispersal from upcurrent meadows, either from our transplant or Santa Cruz Island. Free-floating fragments of Z. marina can remain viable for at least 1 month (Biber 2006) , and seagrass fragments have been shown to survive and regenerate after dislodgement (Balestri et al. 2011) . A high degree of genotype sharing in geographically separated Z. marina meadows along Santa Catalina Island was due to reattachment of dislodged rhizomes (Coyer et al. 2008) , demonstrating that vegetative fragments are redistributed and can colonize new areas. While some of the >90% loss of transplanted shoots occurring within the first 6 months at Anacapa Island were attributed to grazing, some shoots likely were dislodged by foraging bat rays and may have colonized new areas. Mean current flow along Anacapa Island is 1 cm ⋅ s -1 toward the east-southeast (Partnership for Interdisciplinary Studies of Coastal Oceans, unpublished data).
The 11 scattered small patches (<1 m 2 ) of Z. pacifica found approximately 300 m from the transplant site in 2004 suggested a recent introduction (<2 years), as they were similar in size (1-13 shoots per patch) and width (8-12 mm; ~3 mm were considered seedlings) to the small patches that were expanding from single shoots at the transplant site. Estimates of annual rhizome elongation rates for Z. marina range from 22 to 31 cm ⋅ year -1 (Marbà and Duarte 1998) , and if equivalent for Z. pacifica, these rates support the transplanted shoots as the source population. Furthermore, a single adult shoot near the shallow transect expanded to 11 shoots in 12 weeks and to a patch (~1 m 2 ) of 45 shoots in 1.5 years (Altstatt unpublished data). Based on this observation, it is likely that the small patches encountered east of Frenchy's Cove were of similar age or younger (<2 years old) and thus did not precede the transplant experiment.
It is possible that reproductive seed-bearing material rafted to Anacapa Island independently of, but concurrently with our transplant program. Coastal bays in Virginia lost eelgrass in the 1930s due to wasting disease and had not recovered after nearly 70 years , with the closest seed source 50 km distant. Although other species of seagrasses have seeds that float on the surface and may travel long distances (~55 km) before sinking , eelgrass seeds are negatively buoyant. The seed-bearing spathes, however, frequently raft with other floating vegetative material and can colonize distant areas, as discussed by Kendrick et al (2012) . For example, rafting material of Z. marina with viable seeds has been found up to 34 km from the nearest source (Harwell and Orth 2002) , and spathes were observed to float for at least 26 days (Kallstrom et al. 2008) . Genetic assignment tests of Z. marina revealed that gene flow (and seed dispersal) via rafting shoots occurred up to 54 km (Reusch 2002) . Depending on surface currents, seed-bearing spathes of Z. marina may be transported up to 150 km, but most were retained within a few kilometers of the starting point, with approximately 50% within 500 m (Kallstrom et al. 2008) .
The predominant near-surface current pattern within the southern Santa Barbara Channel is from west to east (Winant et al. 2003) , as is the predominant wind and swell direction. Three source populations of Z. pacifica (Smugglers Cove, Scorpion Anchorage, and Prisoners Harbor) lie to the west of Anacapa Island. In order to reach the north side of Anacapa Island, however, drift material from these meadows must cross strong tidal currents perpendicular to and between Santa Cruz and Anacapa Islands. A recent genetic study indicated potential seed dispersal between Santa Catalina and San Clemente islands-islands that are separated by 63 km and a deep channel similar to that between Santa Cruz and Anacapa islands (Coyer et al. 2008) . Consequently, rafting from Santa Cruz Island to Anacapa Island cannot be categorically dismissed.
Although we did not observe any seedlings outside the transplanting area across the cove and east of Frenchy's Cove in 2003 and 2004, we found a small number of seedlings at the transplant site during those years (Altstatt unpublished data) . Some of the transplanted shoots (<5%) were reproductive at the time of harvest and were likely the source, as the seedlings were only in the immediate area of the transplant and horizontal dispersal of seagrass seeds is usually <1 m (Koch et al. 2010) . Eelgrass seeds that become buried in sediment may persist and remain viable for at least 3 years, thus providing a seed source (Lee et al. 2007 ) and a new source of genetic diversity (Zipperle et al. 2009 ). successfully reestablished eelgrass meadows in 4 Virginia coastal bays following widespread distribution of more than 38 million seeds and suggest that seed availability was the limiting factor for 7 decades. The existence of a >10-year Z. pacifica seed bank at Anacapa Island, however, is unlikely; thus the observed seedlings in 2003 and 2004 undoubtedly derived from transplanted shoots that became reproductive.
Even though Frenchy's Cove is the most sheltered spot along the north side of Anacapa Island, it can be affected by long-period, highenergy northwest ground swell from the North Pacific Ocean. An unusually large winter swell (4-m, 15-s period) occurred in April 2012 (National Data Buoy Center website). Large ground swells may increase localized currents (Schwartz 2006) , which could change sediment transport and either bury or uproot seedlings and plants . Oscillatory flows from a long-period swell may prevent blades from shielding the sediment, as is the case in laminar (current) flow regimes, and instead increase turbulence and scour of sediments (Lawson et al. 2012 ). Indeed, it has been suggested that long-period wave energy may not be attenuated by eelgrass meadows (Hansen and Reidenbach 2012) . We observed thinning throughout the shallowest edge of the meadow in 2012; scattered seedlings throughout this area indicated recolonization from recently dispersed seeds or germination from a buried seed bank. Wave action may affect the shallow edge of the historic bed (location of the 7-m-depth fixed transect) to a greater degree than the rest of the meadow further downslope.
Transplant versus Natural Meadows
Comparing shoot density in planted eelgrass plots relative to natural meadows can show resilience to or effects of changing environmental conditions (Thom et al. 2012 ). Meadows at Santa Cruz Island showed some variable temporal and spatial patterns, but shoot densities remained similar to those of 1994-1997: 116-140 m -2 at Scorpion to 36-76 m -2 at Smugglers Cove (Engle et al. 1998) . High variation at Scorpion Anchorage was likely due to a period of rapid recovery after damaging floods carrying sediment buried the bed in 1998 and due to periodic disturbance from mooring chains. There is no historic density information for Frenchy's Cove. By 2008, shoot density at Frenchy's Cove had met or exceeded densities found at Smugglers Cove and Prisoners Harbor, the 2 donor sites.
White Urchins
Urchin grazing can dramatically alter seagrass habitat structure for years by continually removing shoots and eventually exhausting rhizome nutrient stores (Heck and Valentine 1995) . The recruitment pulse of white urchins at Anacapa Island after the 1983 El Niño resulted in island-wide densities of >40 m -2 from 1986 to 1988 (Richards et al. 1997 , Carroll et al. 2000 and 60 m -2 at Frenchy's Cove in 1992 (Engle unpublished data). This intense grazing pressure was apparently enough to remove eelgrass shoots and buried rhizomes.
Urchin grazing is an important feature of seagrass biology. For example, based on feeding rates of L. variegates, densities greater than 42 m -2 exceed the production capacity of Thalassia testudinum and lead to overgrazing (Greenway 1976) . Lytechinus grazing fronts with densities of up to 636 m -2 denuded 20% of a large Florida seagrass meadow (Camp et al. 1973) , and a front with a density of 167 m -2 overgrazed to 0.81 km 2 in 9 months (Rose et al. 1999) . Urchin herbivory at densities of 10-30 m -2 largely exceeded seagrass production in a coastal Mediterranean lagoon (Fernandez et al. 2012) ; but once the front diminished, recovery of eelgrass was rapid, within 10 months. At Frenchy's Cove, white urchin density in 2012 was an order of magnitude lower than in 1992. Consequently, it does not appear that urchin grazing influenced density and meadow size during the study period.
Fish Surveys
The number of fish species present and overall fish abundance at Frenchy's Cove were positively associated with the expansion of the meadow. On the simplest level, eelgrass provides 3-D structure in which fishes associate or hide (Jackson et al. 2001) , and losses in eelgrass habitat may result in a shift in fish assemblages (Pihl et al. 2006 ). Additionally, greater shoot density may lead to higher levels of epiphytes and epifauna, which in turn increase trophic subsidies (Heck et al. 2008 ). Higher shoot density (structural complexity) may be important for ambush predators such as giant kelpfish (Heterostichus rostratus; Tait and Hovel 2012), a species that increased at Frenchy's Cove as the eelgrass expanded. Additionally, several of the species that showed the greatest increase were benthic microcarnivores (black and pile perch) or herbivores (halfmoon; Horn and Ferry-Graham 2006) that would benefit from the rise in local productivity from eelgrass. One species that decreased over time was the orangethroat pikeblenny (Chaenopsis alepidota). The worm tubes that provide shelter for this fish declined after 2007 as eelgrass expanded. Frenchy's Cove is the northern reported edge of the pikeblenny's geographical range, so factors other than eelgrass may be at play.
CONCLUSIONS
Meadows of Z. pacifica nearly a hectare in size are now present at Frenchy's Cove at Anacapa Island. The eelgrass meadows found along the north side of Anacapa Island originated from an initial transplant site established 0.3 to 3 km distant in 2002. Expansion of the meadow was due to reattachment of uprooted plants and/or reproductive material drifting from the initial transplant site. Additionally, the biotic assemblage associated with these meadows increased in abundance and diversity. Our study supports , who stated that at least a decade is required for eelgrass meadow ecosystem services to be fully restored. We expect to see further expansion of patches and meadows along Anacapa Island. These meadows will provide an increasing level of structural and functional ecological attributes and serve as an example for future restoration efforts around the Channel Islands and elsewhere.
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